Breeding for disease resistance in Merino sheep in Australia has attracted considerable research and development attention. Increased labour costs, the reduced efficacy of common anthelmintics and insecticides, consumer demand for products which are free of chemicals and the poor prognosis of alternative long-term control strategies are all forcing sheep breeders to contemplate the best animal health options available, including selective breeding for resistance.
Introduction
Australia is one of the most significant sheep-producing countries in the world. Approximately 120 to 160 million sheep are farmed annually, the majority of which are Merino or Merino-based breeds which are bred for apparel wool production. Returns to sheep farmers continue to decrease in real terms, and farmers are expected to farm more sheep per labour unit with decreased costs per sheep. Important recurrent costs are associated with flock health programmes, and farmers are faced with the necessity of minimising costs whilst maintaining acceptable levels of health control.
In a production system, the relative importance of infectious diseases depends on their impact on welfare and production. Where conventional control measures, such as vaccination and chemotherapy, have been either ineffective, unsustainable or uneconomic, generic approaches to disease control have been considered. For parasitic gastroenteritis (and to a lesser extent, flystrike), the problem is serious, as chemotherapy is becoming less effective due to multiple resistance of parasites to chemicals. Furthermore, prospects for vaccination are not encouraging. Thus there has been a research emphasis, which will be reflected in this review, on genetic approaches to control the disease. The outcome of this research has brought technological advances which will allow farmers to breed flocks with increased disease resistance and to integrate such programmes in an integrated flock-health control strategy.
This review describes breeding for disease resistance in Merino sheep (the breed for which the most research has been conducted) and its relative importance in sheep production in Australia. The emphasis is on major diseases that affect production and on the rapid advances in the state of knowledge for practical breeding programmes in recent years.
The authors draw heavily on research and review documents produced during the last decade (14, 17, 19, 24, 29, 30, 31, 35, 41, 42, 43, 45) .
Diseases of economic significance in Merino sheep

Internal parasites
Trichostrongyle nematodes are major pathogens of sheep in most temperate grazing areas of Australia. The most important parasite spp. in this family include Haemonchus contortus, Trichostrongyle spp. and Ostertagia circumcincta, all of which cause diseases of the gastrointestinal tract that are expensive to prevent and treat. Infections can cause significant production losses despite chemical control. Current broadspectrum anthelmintics are not effective in some important sheeprearing areas, and over 90% of sheep properties display some resistance to anthelmintics. The additional requirement of producing sheep products which are free of potential chemicals adds to the widespread demand to focus on an alternative or more diversified parasite-control strategy, which may include genetic manipulation of the host.
Footrot
Footrot of sheep is an infectious and sometimes exceptionally contagious disease resulting from the invasion of epidermal tissues of the hooves by mixed groups of bacteria. An essential component of this mixture is Dichelobacter nodosus. Disease forms can range from severe to moderate or mild, depending on the virulence of D. nodosus, suitability of the environ ment for predisposition and transmission, and inherent susceptibility of the host. In contrast to the other two major diseases described in this review, footrot can be controlled by vaccination -although protection is short-lived -and eradication of the essential infectious agent (D. nodosus), which has shown to be feasible on a flock basis. One incentive for increasing inherent resistance of the host is that it will allow severe and moderate forms of the disease to have negligible impact on production and welfare, similar to that seen with mild forms of the disease, without the need for additional control inputs.
Flystrike, fleece rot and dermatophilosis
The infestation of sheep with maggots from blowflies (known as flystrike or cutaneous myiasis) remains a potentially serious disease of Merino sheep. Some forms of the disease, such as strike in the tail/crutch region, can occur frequently throughout the year. Young sheep are affected, in particular those without preventive mulesing and tail docking. However, the latter two husbandry procedures performed in combination offer life-long protection from this form of flystrike. Alternative forms of the disease are normally short-lived (< 6 weeks) and very acute, and can have a severe impact on animal health and production. This form of strike can occur anywhere on the body, hence the name bodystrike, but the shoulder region is most commonly affected. Outbreaks of bodystrike occur primarily following opportune climatic conditions (rainfall and temperature). The importance of the predisposing bacterial dermatoses of fleece rot (a mixed bacterial infection) and dermatophilosis (Dermatophilus congolensis) in the early onset of bodystrike is well documented and is of particular relevance in breeding programmes aimed at reducing the susceptibility of Merino sheep to bodystrike. Non-genetic control of bodystrike is largely dependent on the application of insecticides and the management of shearing time relative to seasonal risk factors. Chemical control is increasingly becoming less attractive as protection is relatively short-lived (< 12 weeks) and residual chemical contamination of the non-wool components of the fleece which are removed during processing pose an environmental risk. Furthermore, the primary sheep blowfly (Lucilia cuprina) has developed widespread resistance to multiple insecticides. Incentives for incorporating resistance to blowfly strike in breeding programmes thus include improving animal welfare, decreasing reliance on chemical control, reducing labour inputs and reducing production penalties associated with treatment of flystrike.
Definition and measurement of resistance
When considering disease resistance, defining the most appropriate traits to allow description of resistance in a breeding programme and to allow selection of the desired individuals is critical. Woolaston and Baker described three approaches taken to improving ovine resistance to nematode parasites by sheep breeders and researchers (45) . The principles (resistance, resilience and reduced treatment costs) are applicable to all diseases, but the most appropriate approach depends on the disease of interest.
Resistance
The fundamental definition of 'disease resistance' includes freedom from clinical signs of disease after challenge. Resistant animals remain free from clinical signs of disease, whereas susceptible animals become affected after being subjected to the same disease challenge. The expression of disease resistance as a binomial trait holds for most diseases in sheep where clinical signs are well defined. In the analyses of binomial traits, such as disease resistance, it is also common practice to adopt a threshold model, as outlined by Falconer (15) . These procedures are appropriate for the description of resistance to footrot, fleece rot and dermatophilosis, in all of which disease can be described as a binomial trait. With the exception of flystrike, the relative scale of susceptibility for all the disease traits considered here can be extended by incorporating of some form of linear score to reflect increasing severity of disease once affected. This offers increased discrimination among susceptible individuals, but does little for 'unaffected' resistant animals. Figure 1 shows the A notable departure from the above definition applies to internal parasites. Hosts carrying reduced parasite burdens are said to be 'resistant'. In the case of roundworm parasites in sheep, this means that resistant animals carry fewer worms. Increased resistance to internal parasites is achieved by the host in a number of ways: reduced establishment of incoming larvae; arrested or delayed development; accelerated expulsion of adult worms; and reduced fecundity of female worms. The main indicator of resistance is usually taken as an indirect measure of parasite numbers: in this case, faecal worm egg count (FEC). The importance of FEC in a programme for increasing resistance to internal parasites warrants a more detailed description of FEC.
Use of faecal worm egg count as a measurement of resistance
The benefits of selection for resistance accrue from the phenotypic effects of having fewer worms. This is predicted to lead to a reduced impact on production, lower requirement for chemical control and reduced contamination of pasture by infective larvae. Other consequences will depend on the sign and magnitude of the genetic correlation between faecal worm egg count and other traits in the breeding objective. Sheep breeders will not select solely on the basis of FEC but will make use of production information combined in a formal or informal index. FEC remains, however, the principal trait which can reliably estimate resistance. Many others have been investigated but FEC is used in commercial breeding programmes both in Australia (Nemesis) (2) and New Zealand (WormFEC) (21) .
Not all questions about the practical use of FEC in breeding programmes have been addressed. The nutrition, stress, climate and physiological state of the animals can affect the interaction between worms and sheep. Repeatability of FEC under field conditions has been shown to be highly variable, ranging from zero to almost unity, and appears to be sensitive to changes in management. This is of importance to the industry, as repeatability has a profound impact on the response to selection and the number of measurements required for optimal genetic progress. The genetic correlations between measures appear at different times to be essentially unity, and if breeders wish to obtain more accurate predictions of the genes for resistance, then repeated measures taken further apart in time will be more useful than measures recorded close together.
Resilience
Hosts suffering little or no adverse effects on productivity during infection are defined as 'resilient'. As a breeding goal, resilience has the advantage that no direct measures of the relative pathogen loads of animals are necessary. A significant disadvantage, however, is that true resilience is impractical to measure, because costly and time-consuming measurements of production are necessary. Unless production levels with and without a disease challenge are known, the performance of an animal with superior production during infection cannot be readily determiined in the absence of infection. Thus the breeder has no clear idea of the extent to which a selection programme is improving the frequency of desirable production genes per se, or genes for tolerance to disease. In an unchanging environment, this may be of little consequence. In reality, however, where the degree of challenge is not constant, this can have marked effects on the relevance of a breeding programme. Resilient hosts, unlike their resistant counterparts, may have no favourable effect on the concentration of the pathogen, such as at the level of pasture contamination. Traits defined specifically to describe resilience to internal parasites have been found to have low heritability (1) and usually require a prolonged period of infection, which is generally unacceptable to breeders of elite animals. Similarly, in the case of flystrike, 'resilience' is unlikely to be a practical option, as all affected animals require treatment to minimise production losses.
The advantages of selection for 'resilience' are perhaps more relevant in the case of footrot. Here Egerton and Raadsma argued that under selective breeding for increased resistance to footrot, resilient sheep exposed to virulent strains of D. nodosus would cope in a similar fashion to unselected sheep exposed to benign isolates of the pathogen (14) . Under this scenario, the impact of the presence of the disease on production is minimal and sheep would not require any managerial inputs to control the disease.
Reduced treatment costs
Some workers in New Zealand investigated the utility of traits which were defined to measure the needs of individual animals for anthelmintic treatment over a certain period (5) . Although termed as 'resilience' by these workers, the trait differs from the above definition in being determined not by a quantitative measure of production with and without challenge but rather by a subjective assessment of the need for anthelmintic treatment. Hence Woolaston and Baker described the approach as breeding for 'reduced treatment costs' (45) . With relatively straightforward assumptions about the cost of anthelmintic treatments (both current and future), an economic value for this trait can be simply derived. Unfortunately, the trait appears to have low heritability and to be uncorrelated with resistance, and this limits its usefulness (5) . In a subsequent study, Bisset et al. modified the assessment procedure in an attempt to include weight gain under challenge as a quantitative assessment of the need for treatment (6) . This modification however, did not improve the heritability, and further, the testing protocol reduced the ability to detect genetic variation in other traits. Clearly, though, for some diseases such as blowfly strike, resistance (reduced prevalence) and a reduced requirement for treatment are virtually indistinguishable traits.
The three approaches described above could be used for any disease which affects production, incurs treatment costs and can be measured on a linear scale. However, all of these methods suffer the obvious disadvantage that the disease must be present before an assessment can be made of the ability of the host to deal with the threat. Furthermore, the ability of breeders to distinguish between affected and non-affected (apparently resistant) animals is limited for most diseases when the prevalence is low, which is likely for internal and external parasites. Prevalence of the bacterial diseases is often higher, and allows better discrimination (Fig. 1 ).
Indirect indicators of resistance following challenge
The use of alternative indicators for resistance following challenge with nematode parasites in sheep has been reviewed by Eady and includes circulating eosinophil count, circulating antibody levels directed against parasite-specific antigens, faecal antigen test and packed cell volume in H. contortus infections (10) . As heritability estimates are no higher than those for FEC and genetic correlations with these indicator traits are substantially less than unity, they are less efficient selection criteria than FEC in direct selection programmes. The role of these traits will only be important if they can be shown to reflect additional components of genetic variation in resistance not covered by FEC.
In the case of footrot, Raadsma et al. described four serological indicators which increased proportional to the severity of disease which developed in individuals (33) . Although the indicators were relatively simple to measure, their usefulness to describe genetic differences between individuals was limited when compared with the use of clinical scores.
Flystrike is a notable exception in which the use of some alternative indicators are more efficient in describing genetic differences in resistance. Fleece rot has a very close genetic relationship with resistance to flystrike and has a higher heritability. Fleece rot also offers the added advantages of higher levels of expression (hence ability to identify resistant animals), and is cheaper and easier to measure. Selection for reduced expression of fleece rot therefore remains the selection criterion of choice when aiming at a reduction in flystrike.
Indicators of resistance without challenge (indirect selection and genetic markers)
Under ideal circumstances, the identification of genetically superior animals would be possible without the need for direct challenge. Understanding the mechanisms responsible for disease resistance or the genes responsible for resistance offers this potential strategy.
Although the major diseases which adversely affect production are generally accepted to be under polygenic control, this does not exclude the possibility that genes of relatively large effect could operate. In a polygenic model with moderate heritabilities, many factors (most of which are non-genetic) contribute to resistance. The problem is to separate the genetic from the non-genetic factors. This requires specialised experimental resources. Most of the current understanding of genetic mechanisms of disease resistance in sheep comes from comparisons of animals in lines selected for and against a particular disease. Even then gene effects cannot always be distinguished from other effects or single gene effects distinguished from other polygenic effects. Most experiments designed for detailed investigation of disease resistance lack sufficient power to detect the effects of interest. Both Eady and O'Meara and Raadsma stressed the genetic and practical requirements which need to be met before indicator traits can be considered useful in direct selection criteria (10, 24) .
Resistance to internal parasites and indirect selection
Immune responses are certainly implicated in the genetic resistance of sheep to worm infections (18) . Lines of sheep successfully selected on the basis of response to vaccination against T. colubriformis (39) provide further evidence that there is genetic variation in the ability of the host to respond to vaccination as well as to infection. In lines of selected sheep, immune or inflammatory defence mechanisms have been shown to be associated with resistance to the parasite (7, 16, 23, 39) . A characteristic of the immune response to nematode infection is an accumulation of mucosal mast cells (MMC) and eosinophils in the gastrointestinal tract (37) . The MMC accumulation is antigen-dependent and is driven by the T lymphocytes, and these MMCs undergo changes to globule leucocytes during infection (20) . Genetically resistant sheep have high numbers of globule leucocytes relative to non-resistant counterparts (28) . As the immune response to helminths becomes better understood, the possibility of using these traits as indicators of resistance will increase. At present there are no indirect selection criteria which will reliably predict genetic merit of resistance to internal parasites without the need for direct challenge.
Resistance to fleece rot/flystrike and indirect selection
This complex is the only other disease for which a large number of indirect selection criteria have been evaluated and identified, and these have recently been reviewed by O'Meara and Raadsma (24) . Potentially useful fleece traits and skin immunological responses include greasy wool colour, fibre diameter variability and skin inflammatory response to Lucilia cuprina antigens. However, when direct and indirect selection strategies were considered in breeding programmes which included other production traits, indirect selection proved no more useful than direct selection alone (3). The reasons for this were twofold. Firstly, the moderate prevalence of fleece rot is sufficient to make informed (direct) selection decisions. Secondly, unfavourable genetic relationships between indirect selection traits and other production objectives reduce the perceived value of indirect selection traits which have no economic value in their own right.
Resistance to footrot and indirect selection (34) . Although antibody response to antigens of each serogroup was under strong genetic control (moderate to high heritability), the genetic correlation with resistance in nonvaccinated family groups was almost neutral. This suggests that antibody response following vaccination is a separate trait to innate resistance, and that the former cannot be used as an indirect selection criterion. No other indirect selection traits of value have been identified.
Genetic markers
Searches for associations between genetic markers and disease resistance have focused mainly on resistance to nematodes and footrot. Such studies also require specialised genetic resources to follow the segregation between marker and resistance. Although possible associations between resistance and haemoglobin type, gene(s) within the major histo compatibility complex and anonymous DNA markers have been reported, there is a lack of consistency in these relationships. The application of knowledge from mapped microsatellite markers offers a powerful tool to design linkage experiments which will point to the chromosomal location of genes with a major additive effect on disease resistance. At the time of writing, however, no gene mapping experiments for disease resistance in sheep have been completed which cover a screen of the entire genome. In summary therefore, no genetic markers are available which can be used in routine screening of Merino sheep for disease resistance.
Exploiting genetic variation in disease resistance
The Merino in comparison with other breeds
There are good examples among small ruminants in which knowledge of the breed has had predictive value for resistance to parasitic infection. Such resistant sheep breeds include the Red Maasai (4), Florida Native and St Croix (47) . There have been many studies of the differences between breeds. These studies vary greatly in size, procedures by which breeds were sampled and the nature of the environment in which the animals were kept before and during testing. Nevertheless, for these three breeds at least, there is substantial evidence for relative resistance. Very few breeds have been thoroughly assessed for resistance, and there may be others of potential economic value with high levels of resistance which are worthy of investigation.
Although the Merino breed may be relatively more susceptible to the diseases discussed here, most of the resistant breeds are hair or coarse wool breeds, and thus are unlikely to be attractive in cross-breeding programmes to increase disease resistance at the expense of decreasing wool production and quality.
Differences between strains and bloodlines
The Australian Merino is characterised by a number of major strains and bloodlines (studlines) within strain. Substantial variation has been found between strains and bloodlines in a wide range of production traits. Differences in disease resistance are less well documented, but are known to be important for resistance to fleece rot, flystrike and possibly dermatophilosis. Little is known about between-flock variation in resistance to footrot, with the exception of a small experiment described below.
In contrast to fleece rot and flystrike, differences between flocks in resistance to internal parasites are relatively small (12) , and account for less than 5% as a source of variation in resistance to internal parasites within the Merino breed. An example of the relative differences in disease resistance between flocks within the Merino breed is shown in Figure 2 . This figure depicts resistance to fleece rot, footrot, and Haemonchus contortus, as recorded in 11 flocks in a major between-flock investigation conducted by CSIRO Australia and described by Swan et al. (38) . The small data set highlights the relative importance of 'between-flock variation' for these three diseases.
Between-flock variation provides breeders with the option of strain and bloodline replacement to capture relatively large and rapid changes in resistance to fleece rot and flystrike, and possibly footrot, but not for internal parasites. As with breed substitution, the implications on all other production traits obviously need to be considered before such changes are made.
Differences in disease resistance within Merino flocks
Heritability of disease resistance
Evidence acquired in the last 40 years has clearly shown that a significant proportion of variation in resistance to internal parasites, fleece rot, flystrike, dermatophilosis and footrot is genetically determined. For nematode infections of Merino sheep, the proportion of variation which can be attributed to genetic effects (heritability) varies between 0.11 and 0.55 (Table I) (43) , and is consistent with estimates for other breeds (22) .
Heritability estimates for resilience lie within the range of 0.03 to 0.14 (1, 5) and are generally lower than for resistance. Similarly, heritability estimates for 'reduced number of treatments' are also low (22) .
Estimates of heritability of resistance to flystrike are relatively scarce, and are influenced by the generally low expression of the trait. Nevertheless, genetic variation in resistance has been recorded (Table I) . For fleece rot and dermatophilosis, heritability estimates of resistance vary considerably with experiment and level of expression, but most likely values should fall within the range of 0.15 to 0.35 and 0.1 to 0.25 for the two diseases, respectively (Table I) . For resistance to footrot, heritability estimates are also scarce. Based on two investigations of Merino sheep, the accepted value for heritability of resistance to footrot will be within the range of 0.15 to 0.3 (Table I) . Thus for each disease of significance within the Merino breed, selective breeding can be shown to increase resistance to the economically important diseases for that breed under conditions in Australia. (43) (Fig. 3) . Exploitation of such information is obvious and has the added advantage that estimated breeding values for other important production traits are also readily available. Widespread participation of key seed-stock suppliers, combined with appropriate linkage of reference sires across schemes, should allow sufficient information on suitable resistant sires for individual breeders across a wide range of environments. Such data is already being collected for fleece rot, but is unlikely to be collected for footrot due to opposition by government and industry groups to allow expression of this disease.
Increasing disease resistance by selection and benefits achieved
The In all cases of selection for or against resistance to internal parasites, a change in the FEC has been achieved in the desired direction (43) (Fig. 4) , closely associated with reduced parasite burdens as a consequence of reduced establishment and parasite fecundity. No information is available on genetic change in resistance and its effect on expulsion rate of parasites. Taking breeding for resistance (45) to internal parasites as an example, the advantages are as follows:
-there will be fewer diseased animals in the flock which suffer adverse effects of parasitism -resistant animals will transmit fewer pathogenic agents, which means reduced pasture contamination -the trait indicating resistance (FEC) is simple to measure and testing protocols can be designed to minimise both the period of infection and adverse effects on the host -FEC is extremely variable and moderately heritable, and thus is amenable to reasonably rapid genetic progress.
The advantages of selection for enhanced resistance to flystrike can be demonstrated in long-term selection flocks selected for and against resistance to fleece rot. In one such flock (Fig. 5) (29) , the resistant line requires preventative 
Interrelationships among disease traits
The major diseases, which have attracted the greatest research attention, are all favoured by conditions of high rainfall. Thus sheep grazed under such conditions are highly likely to be exposed to internal parasite challenge, fleece rot and flystrike and footrot in infected flocks. Information on genetic correlations between resistance to these diseases is of interest, not only to predict correlated responses when selecting for resistance to one disease, but also in the eventuality that breeding for 'broad-based' disease resistance may be possible. At present, the literature is devoid of detailed and reliable estimates. Where preliminary information is available, the multiple diseases were monitored on the same animals, and results may therefore have been biased by the influence of one disease on the expression of the other. Results obtained to date indicate that at best, the genetic correlations between internal parasite resistance and resistance to many of the other diseases described here are neutral or slightly favourable (11, 36, 44) . Similarly, genetic relationships between levels of resistance to fleece rot, dermatophilosis and footrot (essentially all diseases of the skin) appear to be essentially neutral.
Strong favourable or unfavourable genetic relationships are unlikely to exist between levels of resistance to the important diseases in sheep, but more reliable information is required to refine selection decisions which aim to include resistance to more than one disease.
Increasing resistance and production
General considerations
No breeding programme should have disease resistance as the sole objective, whether the approach is to focus on selection within a breed or replacement with more suitable breeds. Realistic objectives will include disease resistance with other important production traits, and will be expressed in units of production or in value of production. Therefore, genetic relationships of resistance with other traits in the objective, such as live weight gain, fleece weight, fleece quality and resistance to other diseases, all need to be considered. At present, estimates of such relationships are scarce, and there are only indications of the likely genetic relationships between disease resistance and important production traits (Table I) . Most of the available data on genetic correlations between disease resistance and production traits have been obtained from measurements on the same animals. These estimates may thus be affected by the environmental effect-of disease on production.
Inclusion of disease resistance in a breeding programme also requires information on the relative economic value of such an objective in the context of all other objectives in the breeding goal. Although the relative benefits of improving production traits are quite easy to calculate, the same is not true for disease resistance. Lack of precise information on production penalties associated with disease, optimal disease control procedures during a long-term selection programme, restrictions imposed on flock management and consumer preference for 'chemical-free' products are some of the difficulties.
Inclusion of disease resistance in a breeding programme can also be difficult with low and variable heritability estimates for disease resistance when expression of disease is low. This can often happen for the diseases discussed in this review, since expression is largely dependent on rainfall. Furthermore, long-term changes in disease resistance will also lead to lower expression of disease. Artificial challenge protocols and relevant genetic information is available for challenge with internal parasites (1), footrot (33) and fleece rot (32) , and these offer relatively straightforward solutions to increase the expression of resistance.
Breeding programmes which do not include disease resistance
For Merino-breed improvement programmes which do not include disease resistance as a breeding objective, preliminary predictions can be made on the likely consequences of resistance to the major diseases. Programmes with a strong emphasis on clean fleece weight may lead to a small increase in susceptibility to disease. Programmes with a strong emphasis on reducing fibre diameter are likely to see no changes in resistance to gastrointestinal nematodes, a slight improvement in resistance to fleece rot and flystrike and no major change in resistance to footrot. Selection for increased body weight is likely to lead to a favourable effect on nematode resistance, a small decrease in resistance to fleece rot and flystrike, and an unknown effect on resistance to footrot. It should be noted that in all cases the likely changes in resistance/susceptibility are small.
Inclusion of disease resistance in breeding programmes
Despite the difficulty in assigning relative economic values for resistance to all major diseases in sheep and the uncertainty about genetic correlations between production traits and disease resistance, some attempts have been made to include resistance to individual diseases in breeding programmes. The relevant issues have been addressed (27) with respect to fleece rot and flystrike. The logistics of including resistance to gastrointestinal nematodes in breeding programmes have been discussed by a number of workers (1, 5, 6, 21, 22, 25, 26, 40, 43, 45) . Strategies dealing with footrot are few.
Using details presented by Woolaston for resistance to internal parasites (40) , and extending those details for fleece rot, the following points warrant mention:
-Inclusion of resistance in a breeding programme need not greatly compromise gains in other traits. The most resistant animals can also be found amongst those with the highest production index. Figure 6 shows a practical example of how parasite resistance and productivity can be combined in a selection process without gready compromising gains in production.
-Irrespective of relative economic values assigned to internal parasite resistance, optimum progress in parasite resistance will be between approximately 50% and 70% of maximum gain when considering other economically important traits. Similar calculations for resistance to flystrike and footrot have not yet been performed. -To reduce costs associated with measurement of disease resistance, multi-stage selection can be used. In case of resistance to internal parasites, it is preferable to cull for production traits at the first stage and resistance at the second stage rather than vice versa. In case of resistance to fleece rot, where the cost of screening is low, informadon on all animals may be collected before production measurements are obtained.
-Repeated measurement of resistance offers considerable advantages over a single measurement provided that it can be done cost-effectively, e.g., on a reduced number of samples. This holds for all the diseases discussed here.
As pointed out by Woolaston, however, in drawing such conclusions, assumptions about the economic value of FEC are important but not necessarily critical for breeders already committed to reducing FEC (40) . Of overriding importance are assumptions about genetic parameters, as these affect all conclusions.
Nemesis: an example of technology transfer of breeding for disease resistance
Despite concerted research efforts in Australia on genetic improvement in disease resistance, the technology has found limited uptake by industry. A recent programme in Australia, known as Nemesis, was initiated to develop a national technology transfer programme to assist ram breeders with the inclusion of parasite resistance in the breeding objectives (2, 13). The project is a joint effort between individual ram breeders, Commonwealth and State Government organisations and universities. Initial results show that the practical problems of disease challenge and evaluation of breeding values for other production traits can be readily overcome.
Breeding for parasite resistance will thus become part of an overall parasite management programme which could include other control options, such as strategic use of anthelmintics, grazing management, biological control and vaccination, if available. In combination, these options may be able to deliver a sustainable parasite control programme which has eluded farmers so far.
The integration of resistance to other diseases in practical breeding programmes or comprehensive disease control programmes still remains a challenge for scientists, extension services and farmers alike.
Conclusions
From the current knowledge on disease resistance in Merino sheep, genetic variation evidently exists for almost every case that has been investigated. Resistance should only be included in breeding programmes for diseases which have the potential to reduce production and for which alternative methods of control are, or may be, economically unsustainable. To a large extent, this has been reflected in the global research effort over the last 20 years which has strongly focused on resistance of sheep to internal parasites. For Merino sheep, similar issues are relevant for flystrike and possibly for footrot.
Although the long-term benefits of genetic change in disease resistance under commercial conditions have not been well documented, the potential changes which can be made are clearly demonstrated in single-trait selection lines. Once again, this selection has been performed mainly for resistance to gastrointestinal parasites and to a lesser extent for resistance to flystrike. Methodologies are now available for breeders to improve resistance to these diseases. In the case of resistance to internal parasites, selection for reduced faecal egg count remains the recommended strategy, and this need not result in adverse genetic change in other important production traits. In the case of flystrike, fleece rot remains the indirect selection criterion of choice, and Merino breeders have the added benefit of choosing highly resistant strains and bloodlines. The latter method is not an option for rapid improvement in resistance to internal parasites.
•Continued focus on alternative selection criteria, including DNA markers, is warranted, and may make additional contributions to our understanding of host-pathogen relationships and thus present new avenues for disease control.
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• Selección de rasgos de resistencia a la enfermedad en ovejas merinas de Australia H.W. Raadsma, G.D. Gray & R.R. Woolaston
Resumen
En Australia, la selección de ovejas merinas resistentes a la enfermedad viene suscitando un considerable interés entre investigadores y responsables del desarrollo. Los mayores costes laborales, la menguante eficacia de los antihelmínticos e insecticidas de uso corriente, la exigencia de productos exentos de substancias químicas por parte de los consumidores y las pobres perspectivas de hallar estrategias alternativas de control a largo plazo están llevando a los criadores de ovejas a considerar las mejores opciones zoosanitarias existentes, incluida la selección basada en la resistencia a la enfermedad. Las tres principales enfermedades que afectan a las ovejas de granja son la infestación por nemátodos gastrointestinales, la miasis cutánea y la dermatitis interdigital ovina. Se ha demostrado que la mejora genética es una alternativa viable para hacer frente a esas enfermedades, aunque posiblemente lleve aparejados ciertos efectos adversos de pequeña magnitud sobre el progreso genético de algunos otros rasgos ligados al rendimiento. Hoy en día se están elaborando planes para incorporar la resistencia a los endoparásitos dentro de los programas prácticos de selección. Los autores describen las ventajas de concentrarse en las tres principales enfermedades de las ovejas merinas, así como las posibles fuentes de variación genética y los medios para explotar dichas fuentes de variación. Destacan asimismo las ganancias y beneficios que la selección ha permitido obtener en rebaños experimentales de selección, así como las dificultades a las que pueden enfrentarse los ganaderos y las alternativas de que disponen.
